Iowa State Journal of Research 47.4 by unknown
IOWA STATE JOURNAL OF RESEARCH 
Contents, Volume 47 
No. 1 , August 1972 
BROOKS, TERRY. Robert Earle Buchanan   1 
LOWE, R. L. Diatom population dynamics in a central Iowa 
drainage ditch 7 
GOLIGHTLY, M. B. and A. F. CARLIN. Relation of precooking 
method and length of storage at 0° F to qual ity of turkey 
roasts   61 
POHL, R. W. New taxa of Hierochloe, Pariana, and Triplasis
from Costa Rica   71 
Index to Masters' Theses, 1971 to 1972   79 
Index to Doctoral Dissertations, 1971 to 1972   y3 
No. 2, November 1972 
KNIGHT, H. H, and J. C. SCHAFFNER. New species of Lopidea  Uhler 
from Mexico and the western United States (Hemiptera, Miridae). . 107 
SLAVIK, M. F. and W. P. SWITZER. Development of a microtitra-
tion complement-fixation test for diagnosis of mycoplasmal 
swine pneumonia   1 17 
CRISWELL, J. G. and R. M. SHIBLES. Influence of environment 
and leaf excision on gas exchange of oat leaves   129 
RUSSELL, W. A. Effects of exotic cytoplasms on agronomic charac-
ters of two maize inbred l ines   141 
SEITZ, W. K. and R. Q. LANDERS. Control led burning in relation-
ship to bobwhite quai l populations on a southern Iowa publ ic 
hunting area   149 
No. 3, February 1973 
MATHWIG, H. J. Food and population characteristics of Iowa 
coyotes   167 
SHAW, R. H, and P. J. WAITE. Dry and wet, July-August rainfal l 
areas in Iowa   191 
ZAGATA, M. D, and A. 0. HAUGEN. Pi lot Knob State Park: A 
winter deer haven  199 
No. 4, May 1973 
SHAW, R. H. Dew duration in central Iowa  219 
TANUDIMADJA, K. and N. G. GHOSHAL. The lymph nodes and lymph 
vessels of the thoracic wal l of the goat (Capra hircus)  229 
MENZEL, B. W. and M. S. BOYCE. First record of the pearl dace, 
Semoti lus margarita (Cope), from Iowa  245 
ROBINSON, W. H., 0. E. TAUBER, and R. E. LEWIS. Jean Luther 
Laffoon, 1922-1973  249 
NELSON, R. S. Measure for Measure as satiric comedy  253 
IOWA STATE JOURNAL OF RESEARCH 
vol. 47, No. 4 
STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 
(Act of October 23, 1962; Section 4368, Title 39, United States Code) 
Date of Fi l ing: September, 1972 
Title of Publ ication: Iowa State Journal of Research 
Frequency of Issue: Quarterly 
Location of Known Office of Publ ication: Press Building, Ames, Story 
County, Iowa 50010 
Location of Headquarters or General Business Offices of the Publ ishers: 
Press Bui lding, Ames, Story County, Iowa 50010 
Publ isher: Iowa State University Press, Merritt Bai ley, Business 
Manager, Press Bui lding, Ames, Story County, Iowa 50010 
Editor: El l is A. Hicks, 201 Beardshear Hal l, Iowa State University, 
Ames, Story County, Iowa 50010 
Owner: Iowa State University Press, Ames, Story County, Iowa 50010 
Known Bondholders, Mortgagees, and Other Security Holders Owning 
or Holding One Percent or More of Total Amount of Bonds, 
Mortgages, or Other Securities: None 
certify that the statements made above by me are correct and complete. 
Merritt Bai ley 
Business Manager 
ERRATUM 
The fol lowing corrections are hereby made in the paper by J. G. Cris-
wel l and R. M. Shibles (1972), "Influence of sink-source on flag-leaf net 
photosynthesis in oats," Iowa State Journal of Science, 46: 405-415. 
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Figure 1. Net photosynthetic rates of oat flag leaves of varieties 
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to June 11 and July 12, 1969; the black bar indicates the dates 
treatments 2, 3 and 4 were appl ied. •, x, o, ~, and ~ indicate 
control and treatments 2-5 respectively. 
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DEW DURATION IN CENTRAL IOWA I
R. H. Shawl
ABSTRACT. The recent problem of the Southern Corn Leaf Bl ight has 
pointed out the lack of detai led weather parameters related to the 
development of plant-disease organisms. Dew provides periods of crop 
wetness for reproduction of many disease organisms. Detai led dew 
observations made at Ames, Iowa, during the growing seasons of 1953 
and 1954 provide information on the prevalence of dew. On rainless 
nights dew was present 50% of the hours from 2000 to 0600 on soybeans 
and 41% on corn in 1953, and 63% of the time on soybeans in 1954. On 
rainless nights for the June to August period, dew col lected on 88% of 
the nights on grass, 85% on soybeans and 73% on corn in 1953 and on 88'/° 
and 86% of the nights on grass and soybeans respectively in 1954. 
Hours of relative humidity above 85% explained from 2g% to 64% of the 
variation in dew duration when the relative humidity was measured in 
the field where dew observations were taken. However, relative humidity 
measured on the Des Moines Airport roof, 30 miles distant, explained 
only 15 to 25% of the variation of dew duration in the field. 
INTRODUCTION 
The recent problem of the Southern Corn Leaf Bl ight has pointed 
out the lack of detai led information on certain weather parameters 
related to the development of plant-disease organisms. Like many 
disease organisms, the Southern Corn Leaf Bl ight pathogen requires a 
period of crop wetness for reproduction. This wetness can come from 
either rain or dew, but data on the latter are seldom recorded in the 
United States. In a showery cl imate such as the continental cl imates 
of the U.S., dew duration is of particular significance to plant wet-
ness. This lack of detai led data became particularly evident when 
attempts were made to evaluate the effect of weather on the 1970 
Southern Corn Leaf Bl ight outbreak and what this effect could mean to 
the expected disease level in the future. 
In the summers of 1953 and 1954, dew data were col lected at Ames, 
Iowa, quite intensively. Observations of dew were recorded on dif-
ferent types of crop covers and on several different dew sensors. 
Hourly relative-humidity data also were recorded in each crop cover 
by use of recording hygrothermographs. 
This paper reports on three objectives related to the dew-duration 
study: (a) to compare dew duration on different types of crop covers, 
(b) to compare dew duration in the field with relative humidity in the 
1Journal Paper No. J-7346 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1852. This work was 
partly supported by Contract AF 19(604)-589, Cambridge Air Force 
Research Center, 
2Professor of Agricultural Cl imatology, Agronomy Department, Iowa 
State University, Ames, Iowa 50010. 
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field, and (c) to compare dew duration in the field to relative 
humidity measured at a first-order weather station some distance from 
the experimental site to see if these data could be used to indicate 
what types of years (i.e,, wet, normal , or dry) were represented by 
the 2 years of dew data, and what was unusual about 1970 when the 
blight outbreak occurred. 
LITERATURE REVIEW 
Plant pathologists have been interested in dew deposition for many 
years. Interest, however, has not been restricted to that discipl ine 
alone. The U.S. Air Force (1951) cited 203 references; Wang and 
Barger (1962) cited many more. The U.S. Weather Bureau (World 
Meterological Organization, 1954) has forecast dew at several loca-
tions in selected states. Comparisons of dew duration with other 
meterological or disease parameters have been made largely by phyto-
pathologists, In attempts to forecast development of a disease, the 
dew period is of great importance (Wal l in and Waggoner, 1950). The 
number of hours of relative humidity ~ g0% has been used as a criterion 
for the spread of the late blight organism (Phytophthora infestans) by 
Wallin and Waggoner (1950), Wal l in (1953), Wal l in and Samson (1953), 
Wal l in et al , (1953), and Wal l in and Hoyman (1954). Smith (1960) in 
England, has predicted the duration of leaf wetness from dew by 
using the number of hours of relative humidity > 90%. Leaves are 
radiating objects and, as such, become cooler than the air. When dew 
first condenses on a leaf, although the relative humidity immediately 
adjacent to the leaf has reached 100%, cool ing of the air in an instru-
ment shelter has been insufficient to increase the relative humidity 
level to 100%. It is still at some lower value. Wal l in (1963) re-
ported that dew is usually on the plant fol iage when the relative 
humidity in an instrument shelter in the field is > 90%, For a 67-
day period he found dew deposition occurred about 24 hours before the 
shelter humidity reached g0% on many nights, but on 38% of the nights, 
the relative humidity reached 90% before dew deposition. Using the 
Wal l in-Polhemus dew recorder (Shaw, 1955; Wal l in and Polhemus, 1954) 
to estimate actual dew duration on the crop cover, he obtained the 
relationship 
Y = 0,66X + 4.10 
where 4 = dew duration in hours indicated by the recorder, and X = 
hours of relative humidity above 90%. 
Observing the period of wetness on a crop by visual techniques is 
a time-consuming process. Several types of recorders have been 
developed to estimate this (Hirst, 1954, 1957; Schein et al ,, 1962; 
Shaw, 1955; Taylor, 1956; Theis and Calpouzos, 1957; and Wall in and 
Waggoner, 1950), At the time the data were being collected in 1953 
and 1954, only limited data on recorders were avai lable. The use of 
these recorders will not be discussed in this paper, but data from 
a non recording, Duvdevani dew gage will be cited. This gage 
(Duvdevani, 1947) provides a special surface upon which dew deposition 
can be observed. The gage is a wooden block painted with a special 
slow-drying paint that maintains a somewhat sticky surface to hold 
dew droplets in characteristic patterns, depending upon the dew 
intensity, The appearance of the shape and size of the dew droplets 
on the gage is matched with a set of photographs to provide an estimate 
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of dew intensity, By taking periodic observations, dew duration can 
be obtained from these gages, In this paper only the duration data 
are considered, 
COMPARISON OF DEW DURATION ON DIFFERENT SURFACES 
Experimental Procedure 
Selected crop plants were chosen for the observation of dew data, 
A mixture of bluegrass (Poa pratensis) and orchard grass (Dactyl is 
glomerata) was chosen as representative of a short-grass crop to be 
used as a standard for comparison. This surface was mowed to a height 
of 1 —'z inches at frequent intervals. Soybeans (Glycine max) was chosen 
for the broad-leaved crop, Oats (Avena sativa) was selected to repre-
sent the cereal crops, Because of its importance in Iowa, corn (Zea 
mays) also was included in the observations in 1953. The other crops 
were used in both 1953 and 1954, The plot size was 75 x 125 feet, 
and unrepl icated observations were taken in each plot, The plants 
immediately around a stake in the center of each plot were used to 
determine the presence or absence of dew, Dew on any part of the 
plant was considered as "dew present." Except for a few occasions, 
however, dew deposition was observed first on the upper leaves, a 
result of their higher outgoing net radiation, Dew was sti l l present 
on the upper leaves, if present anywhere, at 0600 when the last obser-
vation was taken. Later observations were not taken because of the 
dry-down problem--a protected part of the canopy could have dew for 
a number of hours after 0600, In 1953, observations were made every 
half hour from 2000 to 0600 from May 31 through September 15 on corn 
and soybeans, and to July 5 on oats, Observations were not made on 
nights when the crop surface was wet at 1930 because of rain and were 
not continued on any night after rain fell , but were made for all other 
nights, If dew was present at the first observation at 2000, it was 
considered as having been present at 1930, giving a maximum period of 
102 hours to 0600. 
In 1954 the starting time varied from 1830 to 1930, To provide 
data consistent with those of 1953, tabulations for this paper were 
started at 1830. Observations were taken every half hour until 0100, 
No observations were taken between 0100 and 0500, but observations 
were started again at 0500 and continued until 0800 to 0900, Again 
to be consistent with 1953, data for this paper were tabulated only 
up to 0600, Nights with dew at 0100 and 0500 were assumed to have 
dew present during the intervening period, If present at one of 
these times only (a very rare event), dew was assumed to have been 
present for half the intervening period, Observations were made 
from June 10 to September 21 on soybeans and grass and from May 1 
to July 5 on oats. The same l imitations regarding rainfall nights 
were used in 1954 as in 1953. 
Duvdevani gages were located at several heights in the different 
crop covers, Dew observations on these gages were made at the same 
time as observations on the crop cover, 
Results 
In 1953, excluding nights with rain, dew occurred 57% of the hours 
from 2000 to 0600 on grass, 50% on soybeans, and 41% on corn for the 
period May 31-June 1 to September 14-15, From May 31-June 1 to July 
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4-5, dew occurred 57% of the hours on oats on rainless nights and 62% 
of the hours on grass, On rainless nights for the June to August 
period, dew deposition occurred on 88% of the nights on grass, 85% 
of the nights on soybeans, and 73% of the nights on corn. Under most 
conditions the greatest frequency and duration of dew would be ex-
pected on a closely mowed, dense grass surface and least on the taller 
corn crop with soybeans being in between, but possibly more simi lar to 
grass than corn because of the denser crop cover. 
In 1854 from June lg to 20 through September. 20 to 21 for the 
hours 2000 to 0600, dew was present 67% of the hours on grass and 63% 
on soybeans on rainless nights. From May 1 to 2 through July 4 to 5 
dew was present 37% of the hours on oats and 5g% of the hours on grass, 
For the June to August period some dew was present on grass 88% 
of the rainless nights and on soybeans 86% of the rainless nights, 
Dew duration on grass and soybeans was compared for both 1953 and 
1954. In 1953 the correlation was 0.91 with an average duration 
of 7,3 hours on grass and 6,5 on soybeans, In 1954 the correlation 
was 0.84 with an average duration of 7,1 hours on grass and 6.7 
on soybeans, For the 2 years the correlation was 0,85 (Figure 1), 
In 1953 the correlation between the duration on corn and soybeans 
was 0,86 (Figure 2), The average duration on corn was 5.3 hours, 
Duration on grass and oats was compared for the period mentioned 
earlier, In 1953 the correlation was O,g6 with mean duration of 6.5 
and 6,1 hours for grass and oats, respectively. In 1954 the correla-
tion was only 0.73 with mean durations of 5,6 and 3.5 hours, Dura-
tion on the taller oats was relatively less than for the shorter grass 
in 1954. No good explanation of this difference was readi ly available, 
To provide a better means of comparing the dew duration on the 
different crop covers, dew duration was divided into four arbitrary 
categories: (a) none, (b) 0,50 to 4,4g hours, (c) 4,50 to 8,49 
hours, and (d) >_ 8,50 hours. The hours of dew for the different 
crops in each category are shown in Figure 3 for the June to August 
period. As would be expected from the previous discussion, longer 
dew-duration periods occur with the highest frequency on grass. This 
difference could be attributed to the type of crop surface or to the 
height of the observation. Duvdevani dew gages exposed above a grass 
surface showed a decreasing time of dew duration with increasing 
height. For 10 hours of dew on the grass the duration was 9,6 hours 
on a gage near the surface and 7.3 hours on a gage exposed horizontally 
100 cm above the surface. This was a considerably greater reduction 
than for either a soybean surface or an oat surface where the plant 
surface was near 100 cm in heights for much of the season. Presence 
of a crop surface at this height resulted in an increase in the vapor 
content of the air at this height, and dew gages exposed near the crop 
surface recorded longer dew duration. The cool ing effect of the crop 
surface on the dew gage was believed to be insignificant. The same 
crop surface at different heights would be expected to show decreasing 
duration with height. The longer duration on grass is bel ieved due 
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Figure 3. Comparison of four dew duration intervals and 
number of rain nights for 1953 and 1954. 
RELATION OF HOURS OF DEW DURATION TO HOURS OF RELATIVE 
HUMIDITY GREATER THAN SELECTED VALUES 
Both the 1953 and 1954 data were analyzed to determine the rela-
tionship between the hours of dew duration on the crop and relative 
humidity greater than selected values. These humidity values were 
measured with hygrothermographs located in instrument shelters at a 
height of 5 feet in or above the crop being studied. Humidities 
above 80, 85, 90 and 95% were analyzed, The highest correlations 
were usual ly found for 85% relative humidity (Table 1). These data 
show that relative humidity alone is not an extremely accurate pre-
dictor of hours of dew duration, with only 29% to 55% of the variation 
explained for all rainless nights. With data for clear nights only, 
the prediction is somewhat better with 38% to 64% of the variation 
explained. High relative humidities can occur under two different 
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Table 1. Correlations between hours of relative 
and hours of dew from 2000 to 0600. 
humidity above 85% 
Crop Year Sky Condition r%; 
Grass 1953 al l rainless nights 0.54 
Soybeans 1953 al l rainless nights 0.73 
Corn 1953 al l rainless nights 0.74 
Oats 1953 all rainless nights 0.6g 
Grass 1854 all rainless nights 0.64 
Soybeans 1954 all rainless nights 0.67 
Oats 1954 al l rainless nights 0.56 
Grass 1854 clear, rainless nights 0.77 
Soybeans 1954 clear, rainless nights 0.80 
Oats 1954 clear, rainless nights 0.62 
~~Al l significant at 1% level of significance, 
meteorological conditions. On a clear night the leaves cool rapidly 
from high outgoing radiation, and the air may be cooled enough so 
that high relative humidities result. This situation is favorable 
for dew deposition because leaf temperature usual ly is several degrees 
below air temperature. Under different meteorological conditions 
high-moisture-content air with a heavy cloud cover can be advected 
into an area. Relatively low outgoing radiation occurs under this 
situation, and leaf temperatures are very close to air temperature, 
High humidities can sti ll occur because of the high moisture content 
of the air, but cool ing usually is insufficient to give dew deposi-
tion. In 1953 and 1854 the clear-sky condition (cloud cover 0,0 to 
0,3) occurred on 74% of the rainless nights. Dew occurred on 88% 
of these nights. Only 26% of the rainless nights had cloud cover 
greater than 0.3. Dew occurred on 6g% of these nights and averaged 
1.4 hours shorter duration, almost a 25% decrease from the duration 
on clear nights. With winds above Beaufort force 1 , dew duration 
decreased, and markedly so with winds above Beaufort force 2. These 
stronger winds occurred more frequently on cloudy than on clear nights. 
The strong mixing of air under windy conditions results in a smaller 
temperature drop of the lower-level air. 
Since hourly humidity data usual ly are avai lable only at first-
order weather bureau stations, a further comparison was run to deter-
mine the relationship between hours of dew at Ames and hours of high 
humidity at Des Moines, the nearest first-order station, about 30 
mi les distant, A comparison of the two summers showed that the 1800 
to 0600 hours relative humidity at Des Moines, where the humidity was 
measured on the airport roof, averaged about 8% less than that measured 
in the field at Ames, but considerable variation occurred from night 
to night, To partial ly al low for this difference, hours > 80%, 
instead of 85%, relative humidity were tabulated for Des Moines. 
Hours > 80% from 2000 to 0600 and from 1200 to 1200 were tabulated, 
The 2000 to 0600 period gave the highest correlation and was used in 
the analysis. Correlations, although statistically significant, were 
too low to have good predictive value. The combined data for 1953 
and 1954 explained only about 25% of the variation in dew duration, 
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Available were several other indicators which could be used to 
estimate whether 1953 and 1954 were high-dew-duration years. July, 
August, and September of 1953 al l had below normal rainfall with a 
total of 6,9 inches below normal , a condition which would not be 
conducive to high dew duration because of the shortage of soil 
moisture for evapotranspiration. July and September of 1954 were 
below normal in rainfall. August was above normal in both rainfal l 
and cloudiness, the latter condition reducing the duration of dew. 
A stress index, which indicates the avai labil ity of soil moisture for 
crop production, was above average for both years, again indicating 
a condition not conducive to high amounts of leaf wetness. These 
conditions can only be used as possible indicators that 1953 and 1954 
were not unusual ly high-dew-duration years, and that Iowa should ex-
pect many years with this much or higher amounts of leaf wetness. 
In looking at the severe, corn-bl ight summer of 1970 one condi-
tion was very unusual. Indicators such as rainfall, number of 
nights with high humidity, and the stress index did not indicate 
unusually favorable conditions for the bl ight outbreak, However, in 
early August a period of 93 consecutive hours occurred when relative 
humidity at Des Moines was > 80%, and for a period of 154 hours only 
7 hours were less than 80%. During the period 1945 to 1962 the 
longest run of hours of high humidity was only 64 hours. Although 
the Des Moines relative-humidity data showed very poor predictive 
value for dew duration, this most unusual condition did occur about 
the time the leaf blight organism became very prevalent in corn 
fields over much of the state. 
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THE LYMPH NODES AND LYMPH VESSELS OF THEI THORACIC 
WALL OF THE GOAT (Capra hircus)
K. Tanudimadja2 and N. G. Ghoshal 3
ABSTRACT. Morphology of the lymph nodes and lymph vessels of the 
thoracic wall was studied in eleven anesthetized goats. Physiological 
NaCI solution of Evans blue 2 to 5% was used as the injection medium 
in revealing lymph nodes and their afferent and efferent vessels. 
Lymph nodes draining the thoracic wal l are the superficial cervical 
ln,, subil iac ln,, proper axi llary ln., first rib axillary lnn., 
intercostal lnn. , aortic thoracic lnn. , and sternal ln, No difference 
of the mean and standard deviation of lymph nodes was found by group, 
individual specimen, or between right and left sides. A comparative 
discussion of other domestic ruminants (ox and sheep) is presented, 
indicating species differences. 
INTRODUCTION 
Morphological study is one of the basic prerequisites for an under-
standing of the normal functioning of an organ or structure, However, 
a simple morphological approach may not always explain all complexi-
ties of an organ or system but it should lay the basis for other experi-
mental work, 
A search in the l iterature revealed the economic importance of 
goat, both as milk and meat producer, in the world food supply (Common-
wealth Agriculture Bureaux, 1971 ; Devendra and Burns, 1970; French, 
1970; Lindahl, 1968), It is, therefore, obvious that a basic knowledge 
of the lymphatic system of this species is undoubtedly important, 
especially for physiological , pathological , clinical, and public health 
(milk and meat hygiene) reasons. 
Very l ittle information is avai lable on the microscopical studies 
of the lymphatic system of the goat in the existing literature 
(Iwanoff, 1947-48; Ozguden, 1967). The assumption has been, perhaps, 
that no significant difference exists between the pattern of the 
lymphatic drainage of the goat and patterns of ox and sheep. Besides, 
with increasing use of the small ruminants (sheep and goat) and 
their suitabil ity as experimental animals for comparative medical re-
search in various parts of the world (Magilton and Getty, 1968; Ghoshal 
1Results taken in part from a Ph.D, dissertation by Dr. Tanudimadja 
under the direction of Dr. Ghoshal, Department of Veterinary Anatomy,. 
Col lege of Veterinary Medicine, Iowa State University. This project is 
supported in part by the United States Agency for International Develop-
ment, Washington, D.C. 
2Lecturer, Division Veterinary Anatomy, Department of Zoology, Faculty 
of Veterinary Medicine, Bogor Agriculture Institute, Taman Ade Irma 
No. 1, Bogor, Indonesia. 
3Associate Professor, Department of Veterinary Anatomy, College of 
Veterinary Medicine, Iowa State University of Science and Technology, 
Ames, Iowa 50010, 
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and Getty, 1970), it seems desirable and pertinent that the details of 
the lymph nodes and lymph vessels of the thoracic wal l of the goat be 
described, 
With respect to the nomenclature, the Nomina Anatomica Veterinaria 
(1868) terms as amended by the World Association of Veterinary Anatom-
ists in Mexico City (1971) have been used whenever possible. The terms 
have been translated into English, if possible; otherwise, the Latin 
form has been retained. 
REVIEW OF LITERATURE 
The lymph nodes and lymph vessels of the ox have been thoroughly 
described by Baum (1812). Information concerning them has been partly 
or completely incorporated in the textbooks of veterinary anatomy by 
many authors (Martin, 1919; von Ostertag, 1932, 1934; Sisson, 1838; 
Grau, 1943; and Sisson and Grossman, 1953). The regional description 
of the lymphatic drainage has been adequately provided by Montane and 
Bourdelle (1917) and Habel (1970) in ruminants, by McLeod (1958) and 
Dyce and Wensing (1971) in the ox, by May (1g70) in the sheep, and 
by Iwanoff (1947-48) in the goat. 
The Lymph Nodes of the Thoracic Wall 
The lymph nodes draining the thoracic wall consisted of the 
superficial cervical ln,, subi l iac ln., proper axi l lary ln., first 
rib axillary lnn,, intercostal lnn,, aortic thoracic lnn,, and the 
sternal ln(n), In this part the literature pertaining only to the 
intercostal lnn., aortic thoracic lnn, and the sternal ln, wil l be 
reviewed, 
The intercostal lymph nodes 
Ox, The intercostal lnn, were situated in the intercostal 
spaces (though not in each space) and close to the head of the rib or 
cranial to it (Baum, 1912). They were single, located on a level of 
the head of the ribs, but did not occur in all intercostal spaces 
according to Dobberstein and Hoffmann (1964). Stokoe (1967) stated 
that they were situated at the dorsal ends of the intercostal spaces, 
and Thornton (1968) described them as situated in the intercostal 
spaces at the junction of the ribs with their vertebrae, but not 
present in all intercostal spaces. According to Koch (1970) they 
were usual ly located singly in the intercostal spaces, though not 
in all of them. Sometimes two nodes could be found in the neighboring 
intercostal space, 
Sheep. The intercostal lnn, were not present in all intercostal 
spaces (Grau, 1834), but were usually located at the level of the 
joints of the head with the thoracic vertebrae and somewhat dorso-
lateral to the sympathetic trunk. Sometimes a few of them occurred 
more laterally, at the level of the angle of the ribs. May (1970) 
stated that they were situated at the dorsal end of each intercostal 
space. 
Goat. .The intercostal lnn, were up to six in number, the 
cranial and caudal ones usually being small (Iwanoff, 1847-48), 
They were located between the head of the rib and the bodies of the 
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thoracic vertebrae, or at the dorsal end of the intercostal spaces 
(though not in al l spaces). 
The aortic thoracic lymph nodes 
Ox. Baum (1912) stated that they extended from the diaphragm 
to the cranial border of the aortic arch along the dorsal face of 
the thoracic aorta and the bodies of the thoracic vertebrae. On 
the left side they were usual ly related to the dorsal aspect of the 
left azygos vein and to the dorsal face of the thoracic duct on the 
right; however, their number and distribution were quite variable. 
They were described by Dobberstein and Hoffmann (1964) as four to 
five in number and lying between the thoracic aorta and the bodies 
of the thoracic vertebrae. Stokoe (1967) stated that they were 
situated on each side of the thoracic aorta, and were related to the 
thoracic duct on the right side and to the left azygos vein on the 
left. They lay irregularly between the thoracic aorta and thoracic 
vertebrae according to Thornton (1968), but Koch (1970) described 
them as located dorsal to the thoracic aorta and the sympathetic 
trunk, coursing between them on one hand and the intercostal lymph 
nodes on the other. 
Sheep. The aortic thoracic lnn, were usually located in 
different intercostal spaces on a level with the bodies of the thoracic 
vertebrae and medial to the sympathetic trunk (Grau, 1934), According 
to him, they lay, general ly, more or less directly on the thoracic 
aorta or on the left azygos vein. May (1970) stated that they were 
located on each side of the thoracic aorta in the space between the 
preceding and the thoracic vertebrae, and that they increased in 
size towards the aortic hiatus of the diaphragm, 
Goat. The five to seven aortic thoracic lnn, were general ly 
located dorsal or dorsolateral to the thoracic aorta between it 
and the left azygos vein on the left side, and between the thoracic 
aorta and thoracic duct on the right (Iwanoff, 1947-48). According 
to him they were found close to the lateral surface of the rib, 
separated by the sympathetic trunk in some specimens, and some of 
them were not exactly related to the thoracic aorta in the region of 
the ninth to twelfth intercostal space. Their size and shape were 
variable (Iwanoff, 1947-48). 
The sternal lymph nodes) 
Ox, The two to five sternal lnn, were situated on the inner side 
of the transversus thoracis muscle, close to the insertion of the 
diaphragm to the sternum and on a level of the sixth or seventh 
interchondral space (Baum, 1912), According to him their number and 
location may vary considerably. Dobberstein and Hoffmann (1964) 
stated that they were located under the transversus thoracis muscle 
in the first interchondral space, but Stokoe (1967) located them on 
the transversus thoracis muscle. They were situated between the 
costal carti lages and were covered by the muscle according to 
Thornton (1968), and the largest one of this group of lymph nodes 
was placed on the first sternebra. Koch (1970) stated that they 
comprised the cranial and caudal sternal lnn, The cranial sternal 
ln, was situated on a level of the first intercostal space, closely 
cranial to the transversus thoracis muscle and on the internal 
thoracic vessels. Furthermore, two additional nodes with the same 
name could be found closely cranial to the transversus thoracis muscle. 
The caudal sternal lnn, were located under or on the transversus 
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thoracis muscle, with a xiphoid ln, in the region of the xiphoid 
cartilage of the sternum. 
Sheep, The one to three sternal lnn, were located on the inner 
surface of the sternum, close to the costal arch and the internal 
thoracic vessels (Grau, 1933). One of them, the cranial sternal ln,, 
was usually situated in the first intercostal space or medial to the 
second costal carti lage, always cranial to the cranial border of the 
transversus thoracis muscle, May (1970) stated that the largest of 
the sternal lnn,, lying on the first or second sternebra, was located 
a long 't he cranial border of the transversus thoracis muscle, 
Goat, According to Iwanoff (1947-48) the sternal ln,, one on 
each side of the thoracic cavity, was found at the same site as the 
cranial sternal ln, of the sheep (Grau, 1933). Sometimes a few nodes 
were seen at the level of the third or fourth costal carti lage along 
the dorsal surface of the transversus thoracis muscle (Iwanoff, 1947-
48). 
The Lymph Vessels of the Thoracic Wal l 
In this part, only the afferent and efferent lymph vessels of 
the intercostal lnn,, aortic thoracic lnn, and sternal ln(n), will be 
reviewed, 
The intercostal lymph nodes 
Ox. The intercostal lnn, received afferent vessels from the 
muscles of the dorsal and lateral thoracic wall , pleura, ribs, thoracic 
vertebrae, and peritoneum (Baum, 1912). An efferent vessel usually 
came from each intercostal ln, and drained into the aortic thoracic 
lymph nodes; however, many variations could occur in the origin of 
the efferent vessels of the intercostal lnn, Somers (1951) stated 
that the intercostal lnn, received afferent vessels from the inter-
costal muscles, the dorsal muscles, thoracic vertebrae, parietal 
pleura, and partly from the periooteum and the diaphragm, The 
efferent vessels coursed cranial ly and opened into the mediastinal 
lymph nodes or into the thoracic duct, According to Dobberstein and 
Hoffmann (1864) the afferent vessels of the intercostal lnn, came 
from the muscles of the trunk, the ribs, scapula and its cartilage, 
costal pleura, mediastinum, and diaphragm; the efferent vessels went 
to the mediastinal lymph nodes and the thoracic duct, Stokoe (1967) 
stated that the intercostal lymph nodes received afferent vessels 
from the muscles of the dorsal and lateral thoracic wal l, peritoneum, 
thoracic vertebrae, and ribs; and the efferent vessels went to the 
mediastinal lymph nodes, The nodes received afferent vessels from the 
dorsal region, intercostal muscles, ribs, and parietal pleura 
according to Thornton (1968); and the efferent vessels went to the 
mediastinal lymph nodes, Koch (1970) stated that the afferent vessels 
came from the muscles and fascia of the trunk, ribs, thoracic and 
lumbar vertebrae, scapula and its carti lage, the dorsal half of the 
costal pleura, the peritoneum of the intrathoracic abdominal cavity, 
and the lateral abdominal wal l , According to him, the efferent 
vessels passed to the thoracic duct or the neighboring lymph nodes 
in the mediastinum, 
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Sheep. The intercostal lnn, received afferent vessels from 
the muscles of the neck up to the cranial border and deep to the 
scapula (Grau, 1934). 
Goat. Some efferent vessels of the intercostal lnn., coursed 
cranially to the cranial mediastinal lymph nodes or costocervical 
lymph node; the rest went caudal ly to the aortic mediastinal lymph 
nodes or opened directly into the thoracic duct (Iwanoff, 1947-48). 
The aortic thoracic lymph nodes 
Ox. The aortic thoracic lnn. received afferent vessels fro m 
the dorsal and lateral thoracic wal l , diaphragm, pericardium, spleen 
(in some specimens), pleura, mediastinum and peritoneum, ribs, and 
efferent vessels of the intercostal lymph nodes and left pericardiac 
lymph node (Baum, 1g12). According to him, the efferent vessels 
showed many variations in formation as wel l as termination. Dobberstein 
and Hoffmann (1964) stated that the nodes received afferent vessels 
from the thoracic vertebrae, muscles and bones of the thoracic wall, 
mediastinum, aorta, and l iver; and the efferent vessels went to the 
thoracic duct and sometimes to the mediastinal lymph nodes. The 
nodes received afferent vessels from the same structures drained by 
the intercostal lymph nodes; in addition, from the diaphragm, media-
stinum, pericardium, and intercostal lymph nodes (Stokoe, 1967). 
According to him the efferent vessels passed to the thoracic duct 
or joined the common duct of the caudal mediastinal lymph nodes. Thorn-
ton (1g68)stated that they received afferent vessels from the same 
structures as intercostal lymph nodes, mediastinum, pericardium, 
diaphragm, and efferent vessels of the intercostal lymph nodes; and 
the efferent vessels went to the thoracic duct. Koch (1870) stated 
that the afferent vessels came from the muscles and fascia of the 
thoracic wall, ribs, thoracic vertebrae, mediastinal pleura, aortic 
wal l, efferent vessels of the intercostal and pericardiac lymph 
nodes, pericardium, frequently the spleen, l iver, dorsal costal 
pleura, precardial mediastinum, and intrathoracic peritoneum. Ac-
cording to him, the efferent vessels opened into the thoracic duct 
or into the caudal mediastinal lymph nodes. 
Sheep. The afferent vessels of the aortic thoracic lnn. came 
from the muscles of the neck up to the cranial border and under the 
scapula (Grau, 1934). 
Goat. Some efferent vessels of the aortic thoracic lnn, went 
to the caudal mediastinal lymph nodes; the rest went directly to the 
thoracic duct (Iwanoff, 1947-48). 
The sternal lymph nodes) 
Ox. The sternal lnn, received afferent vessels from muscles 
of the ventral and lateral thoracic wall , abdominal muscles, diaphragm, 
costal pleura, mediastinum, ribs, sternum, pericardium, l iver, and 
peritoneum according to Baum (1812); and the efferent vessels opened 
into the cranial sternal ln. Somers (1951) stated that afferent 
vessels came from the rectus abdominis and intercostal muscles, 
parietal pleura, and diaphragm; and the efferent vessels opened into 
the prepectoral lymph nodes, or into the tracheal trunk on the right 
side, or into the thoracic duct on the left. The nodes received 
afferent vessels from the muscles of the thoracic wall, ribs, sternum, 
trachea, esophagus, thymus, pericardium, pleura, diaphragm, and l iver 
according to Dobberstein and Hoffmann (1864); and the efferent 
vessels went to the mediastinal lymph nodes and the thoracic duct, or 
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to the right tracheal duct, Though Stokoe (1967) stated that the 
afferent vessels came from the costal and mediastinal pleura, diaphragm, 
pericardium, and ribs, the nodes received afferent vessels from the 
diaphragm, abdominal and intercostal muscles, parietal and visceral 
pleura, and peritoneum according to Thornton (1968), and the efferent 
vessels went to the thoracic duct or to the prepectoral lymph nodes, 
The afferent vessels of the cranial sternal ln,, according to Koch 
(1970), came from the ventral thoracic and abdominal muscles, dia-
phragm, pleura of the ventral half of the thorax, ribs and their 
cartilages, sternum, pericardium, and l iver; and efferent vessels 
opened into neighboring nodes, or the thoracic duct, or the right 
tracheal trunk. He further stated that the afferent vessels of the 
caudal sternal lnn, came from the ribs, diaphragm, pericardium, 
pleura of the ventral half of the thorax, and the postcardial media-
stinum, Efferent vessels were simi lar to those of the cranial 
sternal ln, 
Sheep, Afferent vessels of the sternal lnn, (both those passing 
between the xiphoid process as wel l as those entering the thoracic 
cavity under the transversus thoracis muscle) fol lowed the course of 
the internal thoracic vessels (Grau, 1933). According to him the 
lymph vessels, penetrating the thoracic wall between the costal 
arches and xiphoid process and coursing on the dorsal surface of 
the transversus thoracis muscle, also belong to this group. Further, 
they received lymph vessels from the muscles of the neck up to the 
cranial border and under the scapula (Grau, 1834). 
Goat. The efferent vessels of the sternal ln, went to the 
thoracic duct on the left side, and to the cranial nodes of the cranial 
mediastinal lymph nodes on the right (Iwanoff, 1947-48). 
MATERIALS AND METHODS 
Eleven goats (six males and five females) of various breeds, were 
used in this investigation, Their ages varied from 4 to 7 years; 
weights ranged from 75 to 100 kg in the male and 40 to 50 kg in the 
female, 
Specimens were prepared according to the fol lowing procedure: 
Feed was withheld for 2 to 3 days prior to preparation of the speci-
mens, Water was given ad libitum, The animals were anesthetized 
with a sodium pentobarbital solution, Hair was shaved at the sites 
of injection and a dgsage of 0.5 to 1.0 cc dye solution, consisting of 
2 to 5 gm Evans blue 4 dissolved in 100 ml physiological NaCI solution 
(w/v), was injected into the skin, subcutis, muscles, and joints; 
and 5,0 to 10.0 cc into the thoracic cavity at predetermined places on 
both sides of the thoracic wal l (Figure 1). A 10.0 cc plastic syringe 
and 26 G 3/8-inch, 25 G 5/8-inch and 22 G 12 -inch needles were used 
for the injection. In eight goats either 100 cc of dog or sheep 
serum, or 30 to 50 cc of egg white were added to the dye solution, 
faci l itating absorption and fixation of dye to the lymph vessels. 
4Evans blue, Chroma 10715, Chroma-Gesellschaft, Schmid & Co., 
Stuttgart-Untertukheim, Germany. Distributed by Roboz Surgical 
Instrument Co., Washington, D.C. 
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Figure 1. Superficial afferent (lymph) vessels of the neck and 
thoracic and abdominal wall of the goat. (X) Injection 
sites. 
1 Superficial 
2 Subi liac ln. 
cervical ln. 
3 Afferents of 1 from the neck 
4 Afferents of 1 from cranial thoracic wall 
5 Afferents of 1 from thoracic limb 
6 Afferents of 2 from caudal thoracic and abdominal wall 
In 1 to 1 —'z hours fol lowing injection under surgical anesthesia, 
the animals were sacrificed by exsanguination through the femoral 
artery before they were embalmed with a solution consisting of the 
following: isopropyl alcohol, 60%; formal in, 4%; phenol, 6%; corn 
syrup, 2.5%; water, 27.5%. They were then kept in a cooler between 
2° to 4°C unti l they were dissected. 
In three specimens 30 to 40 minutes post-injection of the dye 
solution (i.e., approximately one hour before exsanguination), the 
right thoracic wall was incised at the fourth intercostal space to 
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clamp the cranial vena cava, thus preventing the dye solution in the 
lymph vessels from flowing back into the venous system, 
The lymph nodes and lymph vessels were exposed by routine dis-
section, and fluorescent light with a magnifier was used to identify 
the small lymph vessels. The composite findings of dissections are 
presented by three schematic illustrations (Figures 1, 2, and 3), 
RESULTS 
The external or lateral thoracic wall of the goat is drained by 
the superficial cervical ln,, subi l iac ln., proper axil lary ln,, 
first rib axillary lnn,, intercostal lnn,, aortic thoracic lnn., 
and sternal ln. The morphology and the area of drainage of the super-
ficial cervical ln,, proper axil lary ln, and first rib axillary lnn, 
of the goat have been described, comparatively, with those of ox and 
sheep (Tanudimadja and Ghoshal , 1973a). The relatively smal l area of 
the caudal thoracic wall (caudal to the tenth or eleventh rib) of 
the goat is drained by afferent vessels of the subil iac ln. (Figure 1). 
Therefore, in this part only the intercostal lnn,, aortic thoracic 
lnn,, and sternal ln, of the goat wi ll be described. They belong to 
two lymphocenters, namely: (1) the dorsal thoracic lc. (consisting 
of the intercostal and aortic thoracic lnn.) and (2) the ventral 
thoracic lc. (comprising the sternal ln.), 
The number and average of the lymph nodes in each group and on 
an individual specimen are presented in Table 1 , Letters and numbers 
after each anatomic structure refer to the figures, 
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Total on 

































aMean and standard deviation of lymph 
b 
R = right side; L = left side. 
c 
Average number of lymph nodes on an 
nodes on an 
individual. 
individual side. 
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Dorsal Thoracic Lymphocenter 
Intercostal lymph nodes (2/3) and 3/3) 
Location. Embedded in fat at the dorsal end of several inter-
costal spaces, somewhat dorsal to the thoracic sympathetic trunk 
and lateral to the bodies of the thoracic vertebrae, being covered 
by the costal pleura, Number, Five to six nodes on each side of 
the inner thoracic wall , Size. 0.3 to 0.6 cm in diameter. Shape.
Oval or round, Topographic Relation. Lateral: Dorsal part of the 
intercostal is internus muscle. Medial: Costal pleura and endothoracic 
fascia, Ventral: Thoracic sympathetic trunk. Afferent Vessels. 
Muscles of the dorsal and lateral wal l of the thorax. Efferent 
Vessels. To aortic thoracic or cranial mediastinal lnn. Remarks.
The intercostal lnn, were not found in each intercostal space. In 
two specimens (Table 1) the most cranial intercostal ln, was located 
on a level of the second or the third intercostal space. 
Aortic thoracic lymph nodes (2/4 and 3/4) 
Location. Embedded in fat dorsal to the thoracic aorta, some-
what ventral to the bodies of the thoracic vertebrae. Number. Five 
to six nodes on each side of the thoracic cavity. In one specimen 
(Table 1) there were seven lymph nodes on the left side. Size. 0.4 to 
1.5 cm long, 0.3 to 0.6 cm wide, and 0.2 to 0.5 cm thick. Shape. Oval 
with sl ightly rounded borders. Topographic Relation. Dorsal: Bodies 
of the thoracic vertebrae and the thoracic sympathetic trunk. 
Ventral: Thoracic aorta and the thoracic duct. Afferent Vessels. 
Esophagus, intercostales interni and externi muscles, and efferents 
of the intercostal lnn. Efferent Vessels. To the cranial or middle 
mediastinal lnn. Remarks. The location of the aortic thoracic lnn. 
with regard to the ribs and intercostal spaces varied considerably. 
However, the most cranial node was situated on a level of the fifth 
intercostal space. 
Ventral Thoracic Lymphocenter 
Sternal lymph node (2/8; 3/9) 
Location. Embedded in fat at the cranial border of the trans-
versus thoracis muscle on a level of the first intercostal space, 
Number, One node present on each side of the median plane, except 
in one specimen (Table 1) having two nodes on the right side. Size.
0,6 to 1 ,8 cm long, 0,4 to 1.1 cm wide, and 0.2 to 0.8 cm thick. 
Topographic Relation, Ventral: Ventral part of the intercostal is 
internus muscle. Dorsal: Costal pleura. Caudal: Cranial border 
of transversus thoracis muscle. Afferent Vessels. Transversus 
thoracis, distal part of the intercostales interni and externi, 
obl iquus externus abdominis, pectoral is profundus, and rectus 
abdominis muscles. Efferent Vessels. Right side: Joined the 
efferent of the caudal deep cervical ln, Left side: Joined the 
efferent of the superficial cervical ln. Remarks. The second sternal 
In. of one specimen was located on a level of the second intercostal 
space (Table 1), 
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Figure 2, The lymph nodes and lymph vessels of the thorax of the goat, 
Right side. (X) Injection sites. 
1 Costocervical ln, 
2 Cranial mediastinal lnn. 
3 Intercostal lnn. 
4 Aortic thoracic lnn, 
A Sternocephalicus m, 
B Longus col l i m, 
C Longissimus thoracis m, 
D Spinal is et semispinalis thoracis 
D' Spinal is et semispinalis 
cervicis m, 










Cranial vena cava 
Left external jugular vein 
Right external jugular vein 
Right subclavian vein 
Internal thoracic vein 
Costocervical vein 
Right azygos vein 
Thoracic aorta 
Esophagus 
Figure 3. The lymph nodes and lymph 
Left side, (X) Injection 
1 Costocervical ln. 
2 Cranial mediastinal Inn. 
3 Intercostal lnn. 
4 Aortic thoracic lnn, 
5 Middle mediastinal lnn, 
A Sternocephalicus m, 
B Longus coll i m, 
C Longissimus thoracis m. 
D Spinal is et semispinalis thoracis 
m. 
E Splenius m, 
a Thoracic aorta 
b Brachiocephal ic trunk 
c subclavian artery (left) 
d Internal thoracic artery 
e Costocervical trunk 
f Cranial vena cava 
g External jugular vein (left) 
5 Middle mediastinal lnn, 
6 Caudal mediastinal In. 
7 Cranial tracheobronchial ln, 
8 Sternal ln, 
F Multifidus m, 
G Diaphragm 
H Heart (within pericardium) 
I Aponeurosis of obl iquus ex-
ternus abdominis m. 
L Intercostalis internus m, 
i Trachea 
j Thoracic duct 
k Efferent of superficial 
cervical ln, 
1 Efferent of caudal deep 
cervical In, 
m Caudal vena cava 
n Tracheal bronchus 
o Right main bronchus (cut) 
o' Left main bronchus (cut) 
vessels of the thorax of the goat. 
sites. 
6 Caudal mediastinal ln, 
7 Left tracheobronchial ln, 
8 Left pericardial ln. 





Longissimus cervicis m, 
Diaphragm 
Heart (within pericardium) 
Aponeurosis of obliquus 
externus abdominis m. 
External jugular vein (right) 
Azygos vein (left) 
i Efferent of superficial 
cervical ln. 
j Thoracic duct 
k Esophagus 
1 Trachea 
m Left main bronchus (cut) 
9~ 
h 
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DISCUSSION 
The External or Lateral Thoracic Wall of the Goat (1) 
In the ox the lymph of the thoracic and abdominal wall is drained 
by two lymph nodes, i.e., the superficial cervical and subi l iac lnn. 
(Baum, 1912). The afferent vessels originating cranial to a l ine 
drawn from the olecranon to the dorsal end of the tenth to twelfth 
rib course to the former lymph node. The subil iac ln, receives 
afferents arising from the area caudal to the above l ine. 
In the goat the border l ine runs approximately from the olecranon 
to the dorsal end of the tenth to eleventh rib and the afferents 
arising cranial to this l ine go to the superficial cervical ln. 
(1/4), and caudal to it to the subi l iac ln, (1/6). 
In the sheep the borderl ine, however, is the seventh thoracic 
vertebra (Grau, 1933). 
Intercostal Lymph Nodes 
Not all intercostal spaces of the goat contain the intercostal 
lnn, as is typical of the ox (Baum, 1912; Thornton, 1968; and Koch, 
1970). They are seldom observed in the sheep (Godbille, 1915). Grau 
(1933) described the intercostal lnn, of the sheep as in the ox, 
though May (1970) stated that each intercostal space of the sheep 
contained an intercostal ln, Some intercostal lnn, of the sheep are 
located more laterally on a level with the angle of the rib (Grau, 
1934), This location of the intercostal lnn,, however, was not seen 
in the goat, 
The area drained by afferent vessels of the intercostal lnn, in 
the goat resembles, for a greater part, those of the ox (Somers, 
1851 ; Stokoe, 1967), though no afferents were seen arising from the 
peritoneum (Stokoe, 1967). The efferent vessels of the goat join 
partly the cranial mediastinal lnn, and partly the aortic thoracic 
lnn,, in agreement with Iwanoff (1947-48). In addition the latter 
author stated that they might open directly into the thoracic duct, 
which could not be confirmed in this study. 
Aortic Thoracic Lymph Nodes 
In the ox these nodes number four to five (Dobberstein and 
Hoffmann, 1964). No number is given for the aortic thoracic lnn, in 
the sheep (May, 1970). The goats had five to six nodes on each side 
of the thoracic cavity, except one specimen which had seven nodes on 
the left side (Table 1). Iwanoff (1947-48) reported five to seven 
aortic thoracic lnn, in the goat. The location of the aortic 
thoracic lnn, of the goat resembles that of the ox (Dobberstein and 
Hoffmann,1964) and the sheep (May, 1970). 
The afferent vessels of the aortic thoracic lnn, in the goat come 
from structures surrounding the nodes, thus resembl ing the ox (Dobber-
stein and Hoffmann, 1964); however, no afferents were observed coming 
from the liver in the goat, In the ox the efferent vessels join 
the thoracic duct and sometimes the mediastinal lnn. (Dobberstein and 
Hoffmann, 1964). The efferents of the goat join the middle or the 
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cranial mediastinal lnn,; no efferents were seen joining the thoracic 
duct, 
Sternal lnn, 
In the goat these nodes are situated one on each side of the mid-
line of the sternum. They occur cranial to the cranial border of the 
transversus thoracis muscle. In one specimen a second node was 
present on a level with the second costal carti lage, close to the 
sternum. In the ox the sternal lnn, are represented by a group of 
lymph nodes in the intercostal spaces (Baum, 1912), thus more nodes 
are present in ox than in goat. In the sheep one to three nodes are 
present; one of them, the cranial sternal ln,, is situated in the 
intercostal space (Grau, 1933). 
Structures drained by afferent vessels of the sternal ln, of 
the goat correspond essentially to those of the ox (Thornton, 1968), 
though Iwanoff (1947-48) stated that the sternal ln. receives effer-
ents of the ventral mediastinal lnn, This occurrence, however, could 
not be confirmed in the specimens investigated, In ox the efferent 
vessels join the caudal deep cervical lnn,, or the tracheal trunk on 
the right side, or the thoracic duct on the left (Somers, 1951). 
In goat the efferents unite with the caudal deep cervical ln, on the 
right and with the efferent of the superficial cervical ln, on the 
left. Iwanoff (1947-48) stated that the efferents of the sternal 
ln, pass to the thoracic duct on the left side (i.e,, resembl ing the 
ox) and to the cranial nodes of the cranial mediastinal lnn, on the 
right. 
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FIRST RECORD OF THE PEARL DACE, 
Semoti lus margarita (COPE), FROM IOWA
1,2
Bruce W. Menzel 3 and Mark S. Boyce 
4 
ABSTRACT. Specimens were col lected from a smal l tributary to the Shel l-
rock River (Cedar River drainage) in Worth County. The species is also 
known from the Cedar River in Minnesota. 
In the most recent comprehensive treatment of the ichthyofauna of 
Iowa, Bai ley (1956) l isted 133 native and 4 introduced species. Only 
two additions of presumably native species have subsequently been re-
corded. The pugnose shiner (Notropis anogenus) was reported by Bai ley 
(1959), and the mottled sculpin (Cottus bairdi) by Johnson (1972). 
Herein we report the first col lection of the cyprinid, Semoti lus 
margarita, from Iowa waters. Two specimens, a mature male and a mature 
female (Figure 1), were taken on 22 May 1972 from a smal l unnamed 
Figure 1. Pearl dace from Iowa. Male above, female below. 
ZMr. LaVon Tostenson of Kensett, Iowa, assisted in the col lecting. 
Journal Paper No. 1 1 , Col lege of Agriculture, Iowa State University, 
Ames, I owa 5001 0. 
3Assistant Professor, Department of Zoology and Entomology, Iowa State 
University, Ames, Iowa 50010. 
4Student, Iowa State University, Ames, Iowa. Present address: Depart-
ment of Wi ldl ife and Fisheries, University of Alaska, Fairbanks, Alaska. 
246 MENZEL and BOYCE 
tributary to the Shel lrock River at a point approximately 2.5 airmi les 
NNW of the junction of state highways 9 and 65 at Manly, Worth County. 
The specimens are preserved in the Iowa State University Fish Col lection 
(ISU 1842). Local residents who seine the stream for bait minnows recog-
nize the pearl dace and report that it is not uncommon in their col lec-
tions 
Semoti lus margarita is one of the more wide ranging American 
cyprinids. The nominate subspecies, S. m. margarita (Cope), is eastern 
in distribution, occurring from southern and east-central New York to 
the upper Monongahela River system (Ohio River drainage) and along the 
Appalachian piedmont to the upper Shenandoah River system of the Potomac 
drainage (Jenkins, Lachner, and Schwartz, 1971). The more widespread 
S, margarita nachtriebi (Cox) occurs over much of southern Canada and 
the northern United States east of the Rocky Mountains. To the west it 
is known from the Peace River system of British Columbia (Lindsey, 1956), 
and to the east it extends to Nova Scotia (Livingstone, 1953). It oc-
curs as far north as the vicinity of Great Slave Lake in the Northwest 
Territories (McPhai l and Lindsey, 1970). Southern rel ict populations 
occur in the Sandhi l l Region of Nebraska and South Dakota (Bai ley and 
Al lum, 1962). Prior to the present report, the most southerly record 
of S. m, nachtriebi in the Upper Mississippi River Val ley was from the 
Cedar River, Mower County, Minnesota (Underhi l l , 1957), The two sub-
species differ primari ly in scale size. Lateral l ine scale counts for 
S. m, margarita general ly range from 50 to 60 whi le counts for S. m. 
nachtriebi are usual ly about 65 to 75 (Hubbs and Lagler, 1958). Counts 
on the Iowa specimens are 68 (male) and 65 (female) The specimens are 
identical in several other meristics: dorsal rays 8, pectoral rays (left 
side) 14, scales above lateral l ine 15, and scales below lateral l ine 
11. Anal rays number 8 in the male and 7 in the female. A small flap-
l ike maxi l lary barbel , a characteristic of Semoti lus, occurs only on the 
left side in both individuals, The male is 88.5 mm in standard length; 
the female, 65.5 mm. 
The pearl dace is morphological ly simi lar to the creek chub, 
Semoti lus atromaculatus, with which it is often sympatric. Important 
diagnostic features for distinguishing between the two species are as 
fol lows, S, margarita (Fig. 1): snout blunt; mouth smal l , maxi l la not 
extending to anterior margin of eye; no black spot on dorsal fin; sides 
mottled by special ized dark scales; breeding males with numerous, smal l 
tubercles on head and diffuse red stripe on side below lateral l ine. S. 
atromaculatus: mouth larger, maxi l la extending beyond anterior margin of 
eye; a conspicuous black spot near front of dorsal fin basal ly; no 
special ized dark scales on sides but often a dusky lateral stripe, es-
pecial ly in juveni les; breeding males with several large tubercles on 
either side of snout and above eyes, and side without red stripe. S. 
margarita is a smal l species, rarely exceeding 150 mm in length whereas 
S. atromaculatus may reach 300 mm or more in length. 
Despite its extensive range, S, margarita is seldom a common fish 
although it may be local ly abundant in areas of suitable habitat. In 
northern portions of its range it is usual ly associated with boggy 
ponds and lakes (Scott, 1967). Elsewhere it prefers small, cool , slug-
gish streams with marshy shores. Greene (1935) observed that in Wis-
consin the pearl dace is most often found in drift-covered areas char-
acterized by young, imperfect, drainage patterns, Not surprisingly, 
a remarkably close correlation exists between the southern l imits of 
S. margarita nachtriebi and the maximum extent of Wisconsin period 
glaciation. 
The col lection site in Worth County, Iowa, is a smal l spring-fed 
creek that maintains a substantial flow throughout the year. Pearl 
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dace were col lected in a l imited stretch of the stream characterized by 
good flow and a clean gravel bottom. In channel ized portions of the 
stream and in areas of shifting sand and mud bottom, no pearl dace were 
found, and other fishes were general ly scarce. Col lections in nearby 
tributaries to the Shel lrock and Winnebago rivers have not yet produced 
any S. margarita,
On 22 May 1972 various other cyprinids were taken in association 
with the pearl dace. The water temperature was 19.5 C after a week of 
warm weather, and many of the species were in nuptial dress. The most 
abundant was the southern redbel ly dace, Chrosomus (=Phoxinus) erythro-
gaster. The frequent association of species of Chrosomus with S. 
margarita has been noted by Greeley (1930), and by Bai ley and Al lum 
(1962). Other cyprinids taken in this col lection were the stonerol ler 
(Campostoma anomalum), hornyhead chub (Nocomis biquttatus), common 
shiner (Notropis cornutus), bigmouth shiner (Notropis dorsal is), blunt-
nose minnow (Pimephales notatus), fathead minnow (Pimephales promelas), 
blacknose dace (Rhinichthys atratulus), and creek chub (Semoti lus atro-
maculatus), Smal l numbers of the brook stickleback (Culaea inconstans), 
Johnny darter (Etheostoma nigrum), and green sunfish (Lepomis cyanel lus) 
were also taken. 
Although the pearl dace is quite widely distributed in central and 
northern Minnesota, it occurs only rarely in southern parts of the state. 
In addition to the Cedar River local ity in Mower County, Underhi l l (1957) 
reported it elsewhere only from two tributaries to the Minnesota River 
and from a tributary to the Cannon River. It is ostensibly absent from 
extreme southeastern Minnesota, an area which escaped the most recent 
glaciation. Simi larly, in Wisconsin it occurs only infrenuently in the 
southwestern "Driftless Area" but is more common in the northern and 
eastern portions of the state (Greene, 1935) The presence of apparent-
ly isolated populations of S, margarita in headwaters of the Cedar River, 
therefore, constitutes an extension considerably south of the main range 
of the species. It is not clear if this represents a recent range ex-
tension or if these populations have long inhabited the upper Cedar 
basin. Since stream minnows such as the pearl dace are commonly used as 
bait fishes, the possibi l ity of accidental human introduction cannot be 
discounted. On the other hand, S, margarita is probably an ancient 
resident of the Upper Mississippi Val ley; and l ike many other northern 
fishes, has shifted north or south in range during successive Pleistocene 
glaciations. During the Wisconsin period, the pearl dace may have sur-
vived south of the ice front throughout the upper Mississippi and 
Missouri systems (Bai ley and Al lum, 1962; McPhai l and Lindsey, 1970). 
Underhi l l (1957) included it among those species which were the earl iest 
to re-invade Minnesota in late-glacial and post-glacial times. Unti l 
recently the low divide between the Cedar and Cannon river basins in 
southern Minnesota was probably seasonal ly bridged by continuous, marshy, 
water routes - an ecological situation which does not preclude the dis-
persal of pearl dace. Extensive ditching for agricultural purposes has 
now drained much of this marshland, perhaps el iminating these dispersal 
routes, or in some cases changing the direction of drainage flow. 
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Jean L. Laffoon, Professor of Zoology and Entomology at Iowa State 
University, died January 19, 1973, in Ames, Iowa, after a brief i l lness. 
Dr. Laffoon was born in Sioux City, Iowa, on August 19, 1922. He 
was graduated from Central High School , Sioux City in 1939 and was 
awarded a B.S. degree in Biology from Morningside Col lege in 1942. In 
the fal l of that year he entered the University of Michigan, Ann Arbor, 
but withdrew to volunteer for service in the United States Navy. Upon 
his discharge, three years later, he enrol led in the Graduate Col lege at 
Iowa State University, where he earned an M.S. degree in 1948 and a Ph.D. 
degree in 1953, both in Entomology. Under the direction of Dr. C. J. 
Drake he surveyed Iowa for natural avian vectors of malaria, the subject 
of his M.S. thesis. His Ph.D, dissertation, guided by H. M. Harris, in-
volved a taxonomic revision of the Nearctic species of fungus gnats of 
the genus Funqivora (Diptera: Mycetophi l idae) 
In 1946 Dr. Laffoon was appointed Instructor of Entomology in the 
Department of Zoology and Entomology and in 1962 was promoted to the 
rank of Professor. His principal responsibi l ities in the department 
included teaching General and Systematic Entomology, curating the Iowa 
State University Insect Col lection and guiding undergraduate and 
graduate students. 
Dr. Laffoon's aptitude for scholarly endeavor became evident early 
in l ife. As a youth he kept records on the birds that frequented the 
Sioux City area and by 1942 had publ ished two papers on the subject. 
His first interests in biological sciences were in the field of 
ornithology. Even as an entomologist, his interest in Iowa birds per-
sisted, adding another dimension to his field trips to col lect insects. 
His introduction to entomology came during his assignment to the 
United States Naval Medical Research Unit #2 then based in the South 
Pacific, At the time, one major function of this organization was 
malaria control throughout the South Pacific Theater. Whi le he lacked 
specific training, he was a tireless collector and soon gained the 
respect and admiration of the entomologists in his unit. From this 
early exposure he remained fascinated by the Diptera throughout his 
professional career. He was justly proud of his abil ity to col lect in-
sects, and the extensive Diptera col lection at Iowa State University 
attests to his talents. 
Dr. Laffoon's greatest contribution to Iowa State University, and 
to Entomology as a profession, was his teaching. He was an enthusiastic 
lecturer and his courses were highly regarded by both students and 
faculty. He was tireless in his efforts to provide undergraduate 
students with a modern, thorough, exciting and chal lenging look at 
entomology. His approach to the subject matter in Systematic Entomology 
was the same. Under his direction this course was certainly one of the 
most comprehensive presented anywhere, as his knowledge of insect taxo-
nomy was exceptional ly broad. Throughout his career he gave unselfishly 
of his time and talent, demonstrating a genuine concern for the qual ity 
of his lecture and laboratory presentations. 
Dr. Laffoon participated actively in several of the scientific and 
professional societies to which he belonged, For the Entomological 
Society of America he served as Secretary for the General Entomology 
Section in 1958. He also served on the Committee on Entomological 
Nomenclature in 1953 and again from 1957 to 1959. From 1954 to 1963 
he was a member of the Committee on Common Names of Insects, serving 
as its chairman from 1958 to 1961. As a Fel low of the Academy of 
Science he served on the Library (1953-1957) and Constitutional Revision 
Committees (1955-1956). He was a charter member of the Society of 
Systematic Zoology, a Fel low of the Royal Entomological Society of 
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London, and a member of the Entomological Society of Washington, 
American Entomological Society, American Association for the Advancement 
of Science, American Institute of Biological Sciences, American Associa-
tion of University Professors, and the Counci l for Basic Education, as 
wel l as Zeta Sigma, Beta Beta Beta, Phi Kappa Phi, Gamma Sigma Delta and 
Sigma Xi. 
Dr. Laffoon pursued his avocations with the same gusto he brought 
to his professional pursuits. Foremost among these was his fi le of 
biological terminology. Original ly an effort to provide students with 
an easy reference to unfami l iar terms, it grew over the years from a 
few hundred entries to more than one hundred thousand at the time of 
his death. From his high school days he maintained an active interest 
in the German language, was president of the High School German Club 
and local ly renowned for singing spirited German songs, a habit which 
was carried over to the hal ls and classrooms at Iowa State University. 
In recent years he developed an interest in the works of Bertolt 
Brecht. He read extensively, col lected recordings, became fami l iar 
with the songs written for Brecht's plays and presented a series of 
seminars on Brecht in the undergraduate Honors Program. 
Dr. Laffoon's straightforward, honest nature, his dedication to 
Entomology and his love of l ife did not go unappreciated among those 
who knew him. His death has deprived us al l of the benefits of his 
leadership, the wealth of his knowledge and the warmth of his friend-
ship 
Dr. Laffoon is survived by his wife, Jayne, and a son, Lee. 

Vol. 47, No. 4 
IOWA STATE JOURNAL OF RESEARCH 
May 1973 PP• 253-263 
MEASURE FOR MEASURE AS SATIRIC COMEDY 
Raymond S. Nelson l
ABSTRACT. Measure for Measure is a satiric comedy in the manner of Ben 
Jonson, with Angelo as the butt of the satire, Angelo is a zealous, 
hypocritical official who is systematically unmasked, much as Tartuffe 
is revealed to be a rel igious fraud in the simi lar, if much later, 
satiric comedy by Mol ie3re, Angelo is the central figure of the play, 
not Isabel la, and he is seen as the one in whom and around whom the 
tensions mount and play. He is a "precisian", and admissibly there-
fore the subject of satire in that age, Isabella, on the other hand, 
does not suffer the anguish that Angelo does; she is rather the most 
captivating temptation that the overconfident zealot faces in his 
brief term of office, and she places Angelo in a situation parallel 
to Claudio's, Angelo, chastened by the end of the play, comes to a 
significant measure of self-knowledge and humil ity, and becomes there-
fore a fit husband for Mariana, 
"One of the more remarkable shifts in critical interest in the 
past thirty years has been the amount of attention given to Measure 
for Measure. No less than eight articles have recently appeared con-
cerned with some aspect of this puzzling work." So wrote Norman 
Sanders in 1965 as he summarized for The Shakespeare Survey the 
previous year's work in Shakespeare criticism, and that interest shows 
no sign of flagging, Measure for Measure is a puzzling play, and no 
single approach to it is adequate to answer all the questions which 
it generates. Continued interest in the play by producers and 
critics al ike is a tribute to its vital ity and its relevance, and it 
will l ikely provoke as wide a variety of responses in the future as 
it has in the recent past. 
Successful analysis of Measure for Measure almost requires a 
fresh start, It is imperative that the critic immerse himself in 
Measure for Measure itself, and that he respond directly to what he 
finds in the play. What kind of play is it, may be asked, If the 
play is a tragedy, the critic must decide whether it is heroic, 
romantic, or domestic, and whether it is concerned with revenge or 
intrigue. If it is a comedy, he must decide whether it concerns 
the celebration of life or the correction of society, Thus the 
kind of play is important to him as well as the tone, because 
analysis and response depend to a great extent on the understanding 
of such matters. Is Measure for Measure a tragedy, then, or is it 
a comedy? 
The play is clearly not a tragedy, for the main characters end 
happily married in the usual comic manner. More important to deciding 
the question, though, is the fact that there is virtually no suspense, 
lDean of the Col lege, Morningside Col lege, Sioux City, Iowa 51106, 
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no anxiety on behalf of a tragic hero or heroine; the Duke is early in 
control of events, and he continues his firm grasp on the unfolding 
action of the play. And because the element of anxious concern is 
almost entirely lacking in the play, it can hardly be called a "tragi-
comedy." At no time are we allowed to be concerned for Claudio's l ife 
or, indeed, for Isabella's honor, for the Duke presides over the 
minuet-l ike action of the play much as Oberon supervises the criss-
crossed affairs of the young Athenians in Midsummer Night's Dream.
From such cursory observations it is clear that Measure for 
Measure must be considered a comedy in mode and structure. Its ending 
is traditionally comic, as has already been observed, its focus is 
primarily on situation, and its emphasis requires more intellectual 
than emotional involvement throughout. Observe, too, that the play 
was included among the comedies in the First Fol io, and has generally 
been considered a comedy by most commentators. Yet most critics have 
been unwill ing to call it simply a comedy, and have added a wide 
variety of qual ifiers. Some call it "a dark comedy," some "a problem 
comedy," and yet others "a tragicomedy." Others call it "bitter" or 
"cynical," and one adds the qual ifier, "intellectual." W. W. Lawrence 
has avoided the issue somewhat by simply cal l ing it a "problem play," 
believing apparently that quibbl ing in the manner of Polonius about 
precise labels is a pointless affair. Yet it is apparent that a 
fairly accurate sense of genre should be helpful in coming to terms 
with the play, and that spending a few moments on the question is 
neither idle nor futile, 
The problem of genre is admittedly compl icated by questions of 
textual purity and completeness: Do we indeed have the complete and 
unadulterated Shakespearean text? And did the author ever finish 
the play to his own satisfaction: Some scholars answer both questions 
with a "No" and offer interesting evidence in support of their claims, 
but their arguments are inconclusive and often idiosyncratic. There 
is l ittle or no widespread agreement as to what is Shakespearean and 
what is interpolated by others, So, until there is decisive textual 
information to the contrary through the discovery of hitherto unknown 
manuscript versions of the play, it is best to assume that we have an 
authentic and complete text and proceed from that position, But to re-
turn to the question of genre. 
A satisfactory genre label is possible and, actually, quite 
obvious once certain facts are acknowledged. Remember for a moment 
that Shakespeare was extremely sensitive to the dramatic fashions of 
each new season. In his early years he was under the spell of Lyly 
and Marlowe, and later in his career he was responsive to men l ike 
Fletcher and Beaumont. He habitually made use of theatrical devices 
and ideas that worked, and when popular tastes changed, he changed 
techniques and styles accordingly. What then, more probable, than 
that Shakespeare tried the kind of drama which was succeeding for 
Ben Jonson at the beginning of the seventeenth century? Jonson's 
striking success with Every Man in His Humor in 1598 must have im-
pressed Shakespeare and impelled him to try a similar kind of play, 
The point is exceedingly important, for it is probable that in the 
three plays, All's Wel l That Ends Well, Troi lus and Cressida, and 
Measure for Measure, Shakespeare is writing satiric comedy in the 
manner of his colleague. 
Murray Krieger argues convincingly that Measure for Measure is an 
unsuccessful fusion of romantic and classical comedy. He holds that 
Shakespeare's Isabella "outgrows her function," as Shakespeare "could 
not or would not" refrain from "introducing the currently popular 
Jonsonian characteristics. As a result, he (Shakespeare) tried to 
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graft the latter elements on to the fundamental ly different tradition 
of comedy to which he was formerly devoted, but fai led to blend the 
two." Krieger thus recognizes the influence of Jonson, although he 
comes to sl ightly different conclusions, and in the recognition sup-
ports the idea hat Shakespeare is in Measure for Measure attempting 
satiric comedy. 
Several recent essayists hint at such a conclusion, but few 
critics have adopted it. Roger Sale writes for example, "the newer 
comic mode is not one that Shakespeare dwel led on for long, but 
it is one which inaugurated the shift away from romantic comedy 
which Jonson mastered and others fol lowed." It is a perceptive 
hint, for it recognizes the influence of Jonson on Shakespeare during 
the years 1600 to 1604, but Sale, unfortunately, does not develop 
the idea much beyond the mere statement. He does explain difficulties 
in the characterization of the Duke "as signs that Shakespeare has 
not mastered Jonsonian com~dy (for want of a better term) as wel l as 
Jonson himself was to do." But he stops on the threshold of what 
is clearly a very provocative idea. David Stevenson, in a superb 
essay on the play, adds significant support to the view that Shakes-
peare is writing in the Jonsonian satiric manner: "its (Measure for 
Measure's) comic and structural affinities are certainly far less 
with Shakespeare's El izabethan romantic comedies and love-game 
comedies than with Jonson's satiric comedies.... Indeed, as Miss 
M. C. Bradbrook has remarked, 'it is one of the few of Shakespeare 
writings of which he (i.e. Jonson) might wholeheartedly have ap-
proved."4 Oscar Campbell, whom Stevenson also cites, has written a 
generally perceptive book in which he carefully documents the satiric 
element in Measure for Measure, and concludes: "His (Angelo's) pre-
dicament there should enable us to see that Measure for Measure is a 
comedy which is more than half satiric. We can now recognize it to 
be Shakespeare's second original development of the distinctive 
features of the new type of satiric play which Ben Jonson had invented 
in Every Man in His Humor."5 Campbel l speaks of a comedy which is 
only more than "half" satiric because he errs in identifying the 
central figure of the play, yet he has nevertheless plucked the right 
string concerning the idiom of the play. 
Mol iere's Tartuffe is a satiric comedy which invites comparison 
with Measure for Measure, despite the years which separate the works. 
Both plays are written by enthusiastic neoclassicists, and both plays 
deal in the exposure of a rascal, the one a religious hypocrite and 
the other an officious zealot. Both plays permit the apparent 
2Murray Krieger, "Measure for Measure and El izabethan Comedy," 
Publ ications of the Modern Lanquaqe Association, 66 (September, 1951), 
~p. 781, 782. 
Roger Sale, "The Comic Mode of Measure for Measure, " Shakespeare 
Quarterly, 19 (Spring, 1968), 60, 61. The parenthesis is Sale's. 
4David L. Stevenson, "Design and Structure in Measure for Measure:
A New Appraisal," ELH: Journal of English Literary History, 23 
(December, 1956), p. 262. Revised and expanded, the article is 
Chapter I in Stevenson's The Achievement of Shakespeare's Measure 
for Measure (Ithaca, New York, 1966). 
~0. J. Campbell, Shakespeare's Satire (1943:rpt. London, 1963), 
p. 141. 
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paragon to act freely in order to dramatize the shocking discrepancies 
between appearance and real ity, and both end in the unmasking of 
hypocrisy. Both plays avoid serious emotional entanglements in the 
affairs of the characters, maintaining, instead, the usual satiric 
cutting edge of social commentary, Both plays are also Aristophanic 
in that they remain faithful to human complexity while they state in 
ringing tones their denunciation of self-deluded fools l ike Tartuffe 
and Angelo, 
There are significant differences, too, of course, Mol i~re's 
play lacks a presiding angel to correspond to the Duke, and it 
lacks a subplot l ike that provided by the low life of Vienna, More 
importantly, Tartuffe is a finished scoundrel, a representative type 
of man, who operates parasitically on stupid men l ike Orgon, whereas 
Angelo is a cold and cruel man whose greatest single weakness is 
that he too slenderly knows himself. He is a self-righteous prig, 
an officious hypocrite, who needs to be exposed for the welfare of 
the state, but because he is not vicious by nature, and is superbly 
human in his delusion and weakness, he is capable of chastisement 
and transformation into a proper husband for Mariana. 
The central similarity in the situation of the two plays thus 
urges a careful comparison at all points, despite important dif-
ferences, because of the light one sheds on the other. And once 
the basic idea is clear that Angelo is the central subject figure 
of Shakespeare's play, as Tartuffe is in Moliere's, everything else 
falls into place, For no one has difficulty understanding Moliere; 
indeed, his enemies understood him only too wel l , Hopefully, there-
fore, if the critic can once see the paral lels between the two plays 
and their common satiric theme, many problems wil l be soluble in 
Measure for Measure. 
Measure for Measure is, then, a satiric comedy, a venture into 
a new genre for the Shakespeare who had written such splendid romantic 
comedies. This point is a first necessary conclusion, for it leads 
quite naturally to the question: what is the theme of the play? or, 
more precisely in l ight of the genre, who or what is being satirized? 
Shakespeare's plays are, of course, usually fi l led with good-
natured criticism of l ife, He is constantly amused at the pretensions 
of men, and he loses few opportunities to prick the bubble of their 
vanities. But in these middle comedies he appears to have adopted 
Ben Jonson's determination to use realistic action and language in 
the service of Comedy, 
When she would show an image of the times, 
And sport with human follies, not with crimes; 
Except we make 'em such, by loving sti ll 
Our popular errors, when we know th' are i ll. 
I mean such errors as you'll al l confess, 
By laughing at them, they deserve no less. 
Which when you heartily do, 
There's hope left then, 
You, that have so graced monsters may l ike men. 
(Prologue, Every Man in His Humor)
Shakespeare's mood darkens in the early 1600's, for some reason, and 
he seems to shift his interest from the celebration of l ife to the 
correction of man's follies through satire, Jonson, after all, was 
enjoying continued success in the newly fashionable mode. Why not 
do the same? Shakespeare therefore satirizes in All's Well the folly 
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of false values and in Troilus and Cressida the hypocrisies of the 
social order. Then in Measure for Measure he strips bare the dema-
gogue, the hypocritical official. When Sale compares the Duke to 
Brainworm, he is instinctively right, though he draws the wrong in-
ferences. For the Duke, l ike Brainworm, is engaged in manipulating 
the affairs of his victims to his own ends and to their undoing. The 
real focus of almost all the questioning, therefore, should not be 
the Duke, but Angelo. For Angelo is the seeming saint who must be 
systematically unmasked, just like the long catalog of frauds whom 
Jonson had exposed: Volpone, Corbaccio, Corvino, Mammon, Subtle, 
Daw, Matthew, and Stephen, to name a few, 
A note of caution must at this point be intruded, however, for 
there is one essential difference in Jonson's and Shakespeare's 
satiric comedy, and it concerns their characters, Jonson habitual ly 
creates types of men (rogues, parasites, doting fathers, suspicious 
wives, lovers, mistresses, conniving servants, etc,) which, although 
varied and rich enough, are recognizable stereotypes, and usual ly 
not much more than types, Shakespeare by contrast seems constitu-
tionally unable to create mere types, particularly when he conceives 
characters that interest him. On the surface, his Mistress Overdone 
and Abhorson seem like Jonsonian types, and they can be treated ac-
cordingly. But Angelo and Isabella refuse to remain two-dimensional 
and paper-thin figures like them. Shakespeare begins creating his 
central figures in Jonson's manner from types of people he has known, 
but before he has finished with them, their humanity and bewi ldering 
complexity begin to come through. It happens to them as has happened 
earlier to his Shylock, the comic butt in Merchant of Venice: the 
despicable "dog of a Jew" unaccountably becomes human, pitiable, and--
magnificent, Shakespeare's sense of character, then, and his instinct 
for humanity keep him from writing too many satiric comedies. He 
tries the genre, finds it uncongenial to him, and after three attempts 
he abandons it to Jonson and to others. 
Perhaps most critics have responded primarily to the complexity 
in characterization, or perhaps they have simply missed the satiric 
intent of the author, In any case, they have stressed various valid 
but secondary ideas out of al l proper proportion to the text. Some 
have come down heavily on the theme of appearance and real ity, for 
example, saying that it is the axis of the play. The theme is ad-
mittedly present, yet it is one of the most pervasive ideas in the 
entire canon of Shakespeare's plays, and of so general a nature that 
such a conclusion hardly serves, Other critics have decided that 
the theme is justice tempered by mercy, and propose that Angelo's 
inflexible standards of justice need tempering by the humanity and 
mercy represented by the Duke--and of course they do. Such critics 
usually emphasize the Christian tradition as a frame of reference 
for the play, and pursue Bibl ical texts and themes (like forgiveness) 
to make their points. An obvious, and certainly central, passage 
among these is quoted and discussed at some length by Miss El izabeth 
Pope: "With what measure ye mete, it shal l be meted unto you," 
Again, the Biblical idea that they shal l be judged according to how 
they judge is indisputably present and broadly pervasive. Stevenson 
adds the perceptive comment to this elemental idea that judging "in 
measure" is yet another implied meaning of the title of the play, 
While there is a certain validity to each of these conclusions on 
the theme of the play, they are all peripheral to the central satiric 
purpose of the play, and serve as standards against which to measure 
the erring central figure. 
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Campbell therefore has it right, "An attentive audience should 
continue to recognize the correction of the knave and the scamp 
(Angelo and Lucio) as the central theme of the drama," Unless that 
satiric purpose is patently clear, the play presents serious diffi-
culties; once recognized, al l else follows natural ly, Angelo is a 
"knave" because, l ike old Lear, he does not know himself. He will 
not admit that he is vulnerable to temptation like the other mere 
mortals who surround him, Escalus, his associate, makes no pre-
tentions to sainthood, and comes quite readily to terms with himself 
and others as a result. He knows that he has erred again and again, 
and his awareness of repeated fai lure helps him to judge erring men 
with the remembrance that he is himself culpable, But Angelo, who 
feels self-sufficient and superior to most men, is insensitive to 
any possible common human frailty in himself, 
At the outset of the play, Angelo is an ideal ist in the sense 
that Bernard Shaw uses the word in discussing the plays of Ibsen in 
The Quintessence of Ibsenism. Angelo, l ike many of Ibsen's figures, 
reduces life to abstraction and system so that he loses normal, 
healthy human relations in concepts of "duty," "responsibil ity," and 
"propriety." He exalts ideas of civic order and moral ity in the manner 
of the religious literalist so that human frailty is in the process 
ignored, if not denied, and rigid laws become the rule, Then in 
true zealot fashion, he rigorously serves the rules himself and 
persecutes those who can not or simply will not observe them, It 
is an old pattern in human experience, notably in traditions like 
Puritanism where the flesh is mistrusted and doctrine almost defied, 
Angelo is early quite scrupulous in his commitment to high principles 
and austere habit, but as with all men of his kind, he gradually 
slips into routine and custom, It is not long then, either, before 
he is guilty of the worst of cant and self-righteousness. 
The first act is not over before Angelo's insensitivity and 
inhumanity are apparent, and as the action continues, the revelation 
proceeds, He reinforces the impression of self-righteousness when 
a bit later he lectures his associate in these words: 
'Tis one thing to be tempted, Escalus, 
Another thing to fal l , 
A second passage adds to the impact of the first a force it would not 
have alone. Along with the first, it reveals an incredible rigidity 
and arrogance: 
But rather tell me 
When I, that censure him, do so offend, 
Let mine own judgement pattern out my death, 
And nothing come in partial, 
The man who will eventual ly be humbled in order to discover that 
he is weak like other men speaks in such terms. The most revealing 
passage is perhaps a portion of a sol iloquy after his first meeting 
with Isabella in which he refers to himself as saint: 
0 cunning enemy, to catch a saint 
With saints dost bait thy hook, 
6Campbell, p, 140, 
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True saints do not recognize their own sainthood; they are saintly in 
their simpl icity and guilelessness, So Angelo unwittingly indicts 
himself as the smug precisian, or Puritan, in those words. It is not 
quite right to call him a "vil lain," or to see him as "base by nature." 
He is instead obtuse, unimaginative, authoritarian, literal, and self-
righteous, Like Tartuffe he must be unmasked, and, l ike Lear, he 
must learn the truth about himself, For the process of stripping him 
of his affectations is the very stuff of satiric comedy, and it becomes 
the heart of this dramatic action, 
Angelo is the natural butt for satiric comedy in his self-
righteousness, He is a Puritan, so labeled by the Duke in the word, 
"precise." As a "precisian," he is a stock target for El izabethan 
dramatists l ike Marlowe and Jonson, Marlowe's Wagner in The Tragicall 
History of Dr, Faustus mocks the despised Puritans when he says, "I 
will set my countenance l ike a precision, and begin to speak thus:" 
then he apparently adopts the nasal, preachy tone associated with 
the dissenters to continue the speech, "Truly, my dear brethren, 
my master is within at dinner, with Valdes and Cornelius, as this 
wine, if it could speak, should inform your worships; and so the Lord 
bless you, preserve you, and keep you, my dear brethren, my dear 
brethren," In a similar vein Jonson excoriates the Puritan community 
in The Alchemist through the persons of Ananias and Tribulation 
Wholesome who wil l not "coin" money (coining is i llegal, and there-
fore sin) but have no scruples against "casting" money when that 
expedient is pointed out to them. Such hypocritical distinctions 
have always been scorned by right-thinking men, and will doubtless 
continue to be, When Shakespeare creates his comic character, then, 
he is putti ng on the stage a figure that play-going Elizabethans 
are prepared to find ridiculous, It is very likely that the puzzling 
word "prenzie," appl ied to Angelo first by Claudio and then by 
Isabella, expresses a common disdain for the pretensions of the 
Puritans: 
Claudio: The prenzie Angelo? 
Isabella: 0' 'tis the cunning livery of hell, 
The damned'st body to invest and cover 
in prenzie guards. 
It appears probable that "prenzie" has some affinity with words l ike 
frenzy and zeal, It may even be a portamanteau word which combines 
the words, "Puritan and frenzy." Repeated as it is, the word can be 
no scribal error or printer's mistake. Obscure and uncertain as its 
meaning is, it nevertheless conveys a notion of scorn and condemns- 
tion, and it suggests the hypocrisies of the self-deceived Angelo. 
The Duke, by contrast, had "above all other strifes, contended 
to know himself," He is, as a result, a "gentleman of all temperance," 
a man "of complete bosom." As such, he is well qual ified to test 
Angelo. Now, many questions have been asked about the Duke that 
never should have been asked. Lawrence is surely right to answer 
most such irrelevancies in an interpretation of the play by remind-
ing us that we have in him a "stage Duke," not a historic figure. 
For quite obviously the Duke could have achieved justice for Claudio 
and Isabel la quickly and directly, but the price of such immediate 
action would have been the play itself. There would not have been 
the systematic exposure of a rascal for the entertainment and 
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edification of the publ ic.? Quite simply put, there would have been no 
story. 
It seems necessary and right, therefore, that an exemplary if 
problematic Duke be the agent to unmask the unscrupulous deputy. For 
the Duke expresses midway through the play just what a publ ic man 
should be: 
He who the sword of heaven wi l l bear 
Should be as holy as severe; 
Pattern in himself to know, 
Grace to stand, and virtue go, 
More nor less to others paying 
Than by self-offences weighing. 
His lines express the complex ideas which Angelo ought to embody but 
does not, The Duke suspects, apparently, that Angelo is an angel 
merely "on the outward side," so he begins with craft to work against 
vice, He wil l "pay with falsehood false exacting," Yet it seems 
just as clear that the Duke expects Angelo to repent when once he 
has a clear view of his own delusions, and works on him to that pur-
pose, For although he knows Angelo to be a hypocrite, he also knows 
that Angelo has great capacities and a basic soundness that is wel l 
worth saving, So he proceeds to his laudable if devious ends, 
For some strange reason, however, generations of critics have 
erred in seeing Isabella as the central figure of the play. Perhaps 
male critics have been unwitting dupes of their own susceptibilities, 
despite her other-worldly austerity, Hazlitt made the mistake along 
with Coleridge, though he hit upon one right idea as he spoke of her 
reserve: "the only passion which influences the story is that of 
Angelo; and yet he seem to have a much greater passion for hypocrisy 
than for his mistress." And Lawrence quite unaccountably perpetu-
ates the error, "The central figure of the piece," he says, "the 
pivot about which all else turns, is, as in All's Well, the heroine," 
He arrives at that conclusion because he places her problem at the 
center of the play: "a beautiful and innocent woman pleads with a 
tyrannical official for the life of her lover or brother or husband, 
and is given the choice between yielding her honor to save the man she 
loves, or refusing, and thereby knowing his death is assured,"9
Nothing could be more wrong, Her problem is peripheral to the central 
problem of the play, namely a public official on trial for the misuse 
of public authority, And to dramatize his fraudulence and rapacity 
it is necessary to involve him in a variety of moral ly compromising 
situations, He must therefore be involved in questions of justice 
and of personal integrity, and Shakespeare unerringly chose the right 
combination, 
Isabella herself is a model saint, a true novitiate, completely 
devoted to God, As she first appears in the play for example, she 
is discussing the Sisterhood of St, Clare with Francisca and wishes 
"a more strict restraint" on the nuns than they already accept, In 
the best traditional sense, she is in love with God and devoted to 
the spiritual l ife. She is motivated by that fervently rel igious 
?Will iam W, Lawrence, Shakespeare's Problem Comedies, 2nd, ed, 
New York, 1960), pp. 104, 120, 
illiam Hazl itt, Complete Works (London, 1930), V, 346. 
9Lawrence, pp, 79, 81. 
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love, which, particularly in the maiden stage, is frequently ignorant 
of human emotions and callous toward them. She has therefore no 
hesitation in refusing Claudio's request that she sacrifice her 
honor for her brother's l ife, for she quite l iterally bel ieves 
that the loss of her soul by willful sin is far more serious than 
the mere loss of life: 
I had rather give my body than my soul. 
Better it were a brother died once 
Than that a sister, by redeeming him, 
Should die forever, 
0 were.it but my l ife. 
The reader must take the trice repeated expostulations seriously, as 
Claudio must. For if in his weakness he asks her to sacrifice her-
self, he later sees the error of such thought and asks forgiveness, 
She quite properly ranks the options in order, and chooses the im-
perative. In other words, Isabella does not suffer the prolonged 
inner struggle that romantic critics would have us bel ieve. The 
issue is clear to her, and the outcome is virtually preordained, 
She cannot wilfully damn her own soul to save an earthly life--the 
horrors of such spiritual bankruptcy would have been too great for 
an Engl ish Renaissance audience to accept placidly, and the ferocity 
of her first shocked expostulations to Claudio underlies that 
settled conviction. By the end of the play, however, Isabella has 
modified her views or she could not agree to marry the Duke as 
placidly as she does, turning away from the Sisters of St. Clare to 
do so. She has in the stress and strain of several tumultuous days 
discovered humanity and passion within herself, just as Angelo does. 
Her case is thus thematical ly paral lel to Angelo's, although her 
fortunes are not as crucial to the central situation of the play as 
Angelo's, Her prime function in the play, it must not be for-
gotten, is to provide Angelo with the most imperious temptation to 
sin possible, and it must be comparable to Claudio's, 
Angelo appears early in the play just after the opening pre-
paratory remarks, and from that moment he occupies the dominant 
place in the play. If he is not personally present, he is neverthe-
less the subject of concern and conversation on the part of the 
others. He appears therefore at dramatically important moments of 
the play, He very properly enters the stage early in the exposition 
of the first act, The Duke no sooner begins in the opening lines 
to discuss Angelo and his own plans to step from office than the 
principal figure arrives. Further, Angelo personally dominates the 
early compl ications of the play. He opens the second act as chief 
executive of the city, and in ensuing scenes receives Isabella as 
intercessor for her brother. He then drops out of sight for all 
of Act I I I and most of Act IV, although everything that occurs in 
them reflects on his severity and duplicity. Even the scenes in the 
stews and brothels of Vienna provide a sardonic parallel to the un-
seen but well advertised action in Angelo's midnight apartment, and 
as events unfold, it is the systematic exposure of the knave that 
occupies almost every person's attention. Just at the moment of 
greatest tension near the end of the fourth act, however, Angelo re-
appears and prepares to receive the Duke home again at the city gate. 
Then in the final act, one long scene of judgment, a trial takes 
place in which the judge becomes the judged, and once again Angelo 
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is the visual center of attention. Such structural clues to his 
position in the play are unmistakable, and cannot be ignored, His 
l ines do not number quite as many as Isabella's and they number less 
than half those of the Duke, but his speeches and appearances are 
carefully placed to make the most of them. Though he does not speak 
much in the last act, for example, his personal responses to the 
course of justice are the very crux of the action. There can there-
fore be little doubt that Angelo is the central character of the play, 
What then is the issue or conclusion of the play? The answer to 
the question seems clear: the "outward-sainted deputy" has been 
systematically exposed, The Duke has "by cold gradation and wel l-
balanced form" unmasked the "devi l" whose blood scarce seemed to 
flow in his veins. He has been "meal'd in his own devices," so that 
by the fifth act, the pretentious Puritan has been shamed and rendered 
helpless. The particular absurdities of hypocritical public officials 
have been well lampooned in the Jonsonian manner and the audience has 
relished the spectacle of a specious tyrant hoist on his own petard. 
But at this point, Shakespeare's typical involvement in humanity 
bars him from writing Angelo off as a cipher. Angelo is a man of 
great capacity--else how were he appointed deputy in the first place?--
and how else explain the love of a sensible woman, Mariana, for him? 
True, Shakespeare portrays him to be man capable of foll ies like 
pride, self-righteousness, cruelty, arbitrariness; but he also 
portrays him capable of courage, humility, and love. Shakespeare 
had sported with the ludicrous rake Falstaff of the Merry Wives of 
Windsor with apparent callousness until the closing moments of the 
play, but then the inevitable warmth and compassion crept in. In 
somewhat simi lar fashion, he reveals Angelo in the last scene of the 
play as having the integrity to stand by the ultimatum early in the 
play, He had said to Escalus at the outset of his regime, 
When I , that censure him, do so offend 
Let mine own judgement pattern out my death, 
And nothing come in partial. 
Now revealed to the public and to himself an offender, he fulfills 
his pledge: 
No longer session hold upon my shame, good prince, 
But let my trial be my own confession. 
Immediate sentence then and Sequent death 
Is all the grace I beg. 
Such a declaration requires courage, and it reveals Angelo's integrity, 
In his confusion and shame he "craves death more will ingly than mercy." 
Yet he will be spared by the Duke in tribute to Mariana and Isabella 
as well as in recognition of the "due sincerity" of his character 
which has been misdirected and misappl ied, though fundamental ly 
admirable, 
Angelo is a sadder but wiser man as the play ends, having be-
come much more l ike the Duke in his self-knowledge, He has been 
forced to see that passion is a spring of action in his l ife as well 
as arrogance and pride of place. He has learned that the abuse of 
authority has undone him and sees for the first time how unworthily 
he has treated Mariana, Such self-awareness is thus an important 
part of the resolution of the play and adds to its significance, 
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Shakespeare's vision is always complex because it is rooted in 
humanity, and never more so than in this play. Even a self-deceived 
knave l ike Angelo is worth anatomizing and saving, Shakespeare 
implies, because he is, after al l, a human being. 
